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Economic evaluation methods
Aim
The economic evaluation aimed to explore the cost-effectiveness of the high and low intensity interventions in comparison to practice as usual for the identification and referral of young people at high risk of psychosis (HR) or meeting criteria for first episode psychosis (FEP), where cost-effectiveness was expressed as the incremental cost per additional true positive (HR or FEP) identified.
Design
The economic evaluation employed a decision modelling design in order to incorporate all possible categories of young people in this screening study: true positive, false positive, true negative and false negative. The trial only collected data on the first two groups, those identified and referred to the specialist early intervention service, and was not set up to identify or collect data on true or false negatives. As a result, reporting of within-trial costeffectiveness was considered inappropriate, since it would fail to include all important costs and effects of the interventions under evaluation. Decision modelling allows these hidden, but important, costs to be incorporated, providing more meaningful assessment of the full economic impacts of each intervention.
True negatives were excluded from the economic evaluation as they were assumed to have zero cost. However, false negatives must be included as they are HR or FEPs who, although not initially identified by participating general practices, may go on to incur health service costs and whose outcomes may deteriorate as a result of late identification. False positives, although not HR or FEP, are included as they still incur costs (and potentially outcome 2 changes) as a result of referral to the specialist early intervention service, which as a minimum will undertake an initial assessment of risk status.
Model structure
A decision tree was constructed in Excel 2013 to model the care pathways of the young people in the trial and assess the costs and effects over two years associated with the two active interventions and practice as usual.
The model structure was identical for all three intervention groups and is shown in Figure 1 .
The model assumes that for each intervention group, there are four types of patients: HR identified, HR missing, FEP identified and FEP missing. HR identified and HR missing may either make a transition to psychosis or not make such transition. It is assumed all transitions will happen at the end of year 1. All input parameters and the source of the data are reported in Table 1 . Input data were obtained primarily from the trial, with published data used where necessary. Due to the short time horizon of this economic analysis (two years), costs and health outcomes were not discounted.
Model parameters
Number of identified and missing HR and FEP
The number of identified HR and FEP was taken from the trial data. The number missing, however, is unknown. In the absence of any robust data on the true incidence of HR and FEP in Cambridgeshire and Peterborough, it was assumed that the true incidence is equivalent to the highest rates identified in the trial (the high intervention group) and thus the missing rates for the low intervention group and the practice as usual group is calculated as the difference 3 between the rate identified in the high intervention service and the service of interest.
Resulting rates of identified and missing HR and FEP are reported in Table 1 .
Model probabilities
The transition rate from identified HR to FEP in the randomised trial was calculated to be 0.12 (12.0%) over the two year follow-up. Transition rates from unidentified HR to FEP were not collected by this trial, and were therefore taken from published studies. Three naturalistic studies reporting 12-month transition rates from unidentified HR to FEP were identified, with rates of 35.0% 1 , 40.80% 2 and 54.0% 3 . For this analysis, we took the most conservative estimate (biased against interventions that are more successful at identification) and assumed that the transition rate to psychosis for unidentified HR was the lowest rate of 35.0%.
Model costs
Costs considered in the analysis were those relevant to the National Health Service in England and included the cost of the high and low intensity interventions, the cost of diagnosing referrals who did not meet criteria for HR or FEP (false positives), the cost of diagnosing and treating identified HR and FEP (true positives) and the cost of treatment for HR and FEP who were not identified (false negatives). The cost of true negatives was assumed to be zero. Costs by intervention are summarised in Table 1 .
Intervention costs: Intervention costs for the practice as usual group were assumed to be zero. Table 2 .
Cost of diagnosis: The cost of diagnosing a false positive during the course of an initial assessment session with the specialist early intervention service was assumed to be equivalent to the weighted average cost of all adult outpatient attendances for mental health of £100. 4 Treatment costs for identified HR: The costs of HR participants were estimated using service use data collected in the trial. Data were collected using a version of the Adult Service Use
Schedule (AD-SUS), a measure of service use developed and applied in various mental health populations, which was adapted for application to an early intervention sample (available from the authors). The Early Intervention AD-SUS was completed by trial participants in interview at 6, 12, 18 and 24-months after study entry. The measure covered use of all health and social care services over the previous six months, as well as socio-demographic information, employment status and pathways to care. Criminal activity was also recorded, but only one HR young person reported having committed any crimes, resulting in substantial variance. Given the small sample sizes involved, these costs were excluded from the current analysis to avoid undue influence of this one outlier, which may be the result of chance.
Productivity losses as a result of days off work due to illness were considered, but few of the young people in the trial were working and of these, very few reported any days off work.
Productivity losses were therefore negligible. Costs were calculated by applying relevant 2012 unit costs from published sources. 4, 5 Treatment costs for unidentified HR: Data to estimate the cost of unidentified HR were taken from a decision analytic model which compared the cost-effectiveness of an early 5 identification and treatment service with care as usual, for people with an at-risk mental state for psychosis. 6 The authors assumed that in the absence of an early identification service for HR, an individual experiencing prodromal symptoms would have six contacts with a counsellor and six contacts with a GP during the first 12 months and they further assumed that this rate of contact with GPs and counsellors would be halved during the second 12 months. In the absence of alternative evidence, these assumptions were used to estimate the treatment cost for missing HR at £732 for Year 1 and £366 for Year 2.
Treatment costs for identified and unidentified FEP: Data were available to estimate the cost of treating FEP from the Lambeth Early Onset (LEO) trial, 7 comparing the costs and costeffectiveness of an early intervention service in London with standard care, for individuals in their first episode of psychosis. Since early intervention services have now become standard practice in the study sites, and many other parts of the country, the cost of the early intervention service group were used to estimate the cost of FEP in the current study.
Evidence suggests that longer duration of untreated psychosis (DUP) is associated with increased treatment costs. 8 Data from the LEO study allowed separation of the costs of those classified as having long DUP (>8 weeks) or short DUP (≤8 weeks). For the current study, we assumed that those FEP identified and referred by participating general practitioners included a mixture of both long and short DUP, so the average cost of the full LEO sample was applied (£8,945 per annum). For unidentified FEP, a long DUP was assumed, which was calculated as the average of the sub-sample of those with long DUP in the LEO study (£10,351 per annum).
Treatment costs for transition from HR to FEP: For identified and unidentified individuals initially assessed as HR who transitioned to FEP during the two-year follow-up (transition 6 assumed to take place at the end of year 1 for the purpose of the model), costs in year 2 were assumed to be the same as for identified FEP (£8,945) and unidentified FEP (£10,351), respectively.
Sensitivity analysis
The following key assumptions were considered for their likely robustness and for variation in sensitivity analyses:
1. The number of missing HR and FEP: In the absence of any robust data on the true incidence of HR and FEP in Cambridgeshire and Peterborough, it was assumed that the true incidence is equivalent to the highest rates identified in the trial (the high intervention group). Although this may potentially underestimate the true incidence, the absolute difference between groups remains the same irrespective of the rate chosen, thus sensitivity analysis was not considered necessary for this comparative analysis.
2. Transition rates from unidentified HR to FEP: We took the most conservative estimate from available evidence in the literature -the lowest rate -which would bias against interventions that are more successful at identification and thus would work against the high intensity intervention, and to a lesser extent the low intensity intervention, compared to practice as usual. Testing the alternative rates available would not therefore change the conclusion of the economic evaluation.
3. Treatment costs for identified HR: Treatment costs for identified HR (reported in Table 1 ) were found to be substantially higher for PAU participants than the low or high intervention participants, perhaps suggesting the high and low intensity interventions have an impact not just on the number of cases identified, but also on how early they are identified. However, to guard against the possibility that these 7 differences are due to chance, rather than a true difference, the cost of identified HR for all three groups was replaced with the mean of the low and high intensity group costs (£1046), thus removing any bias against PAU that may be due to chance.
4. Treatment costs for unidentified HR: Data to estimate the cost of unidentified HR were taken from assumptions made in an existing decision analytic model. 6 In the absence of alternative current evidence, it was not possible to hypothesise how reliable these estimates might be. However, the treatment costs applied were low in comparison to the cost of identified HR recorded in the current study, so this assumption was considered to be conservative.
Treatment costs for identified and unidentified FEP:
We assumed that those FEP identified and referred by participating general practitioners included a mixture of both long and short DUP, which was assessed by the clinical team as a conservative assumption. For unidentified FEP, a long DUP was assumed. This figure was considered by the clinical team to be realistic but not conservative so deterministic one-way sensitivity analysis was performed varying the percentage with long DUP from 100%, applied in the main analysis, to 80% long DUP which was considered to be a conservative estimate, in order to assess the robustness of the results to this assumption.
Uncertainty was explored using probabilistic sensitivity analysis, a form of analysis which involves assigning probability distributions to model parameters (costs and effects) and sampling at random from the distributions, in this case 5,000 times, to generate an empirical distribution for each parameter. 9 To represent uncertainty in costs, a gamma distribution was fitted to reflect the fact that cost data are commonly skewed in nature. For effects, we initially assigned a normal distribution, but this generated a number of negative values for 8 effectiveness data, so a gamma distribution was used instead. All parameters for the probabilistic sensitivity analysis are recorded in Table 3 .
Cost-effectiveness planes are presented which illustrate differences in costs and effects between different strategies using scatter points generated by the probabilistic sensitivity analysis that represent multiple cost and effectiveness pairs. Cost-effectiveness planes consist of four quadrants, where the x-axis represents the additional level of effectiveness generated by one intervention compared to another (in this case the high intensity intervention compared to either the low intensity intervention or PAU) and the y-axis represents the additional cost of one intervention compared to another. Cost-effectiveness acceptability curves are also presented, which represent the probability of one intervention being more cost-effective than the alternatives as a function of the willingness to pay for a unit improvement in outcome. 10 Since willingness to pay for an improvement in true positive cases identified is not known, a range of possible values of willingness to pay are plotted.
Protocol changes
Economic perspective:
Within the chosen perspective, data on productivity losses and criminal activity were collected in the trial, but were excluded from the analysis due to the very limited relevance of these resources, as described above.
Within-trial evaluation:
Although a within-trial evaluation had been planned, the lack of data on the population of false positives (those HR or FEP that practices fail to identify but who are still likely to be receiving services and incurring costs) meant the results were misleading and thus a decision model, allowing these to be included, was selected. 
Long-term extrapolation:
Longer-term extrapolation was explored, but review of the literature did not locate appropriate data (on longevity of the intervention or longer term outcomes for HR and FEP individuals), so a longer-term model was considered premature.
Results
Two-year costs and effects per general practice by intervention group (reported in the main manuscript) are summarised in Figure 2 . Compared to both the low intensity intervention and PAU, the high intensity intervention was found to be more effective at identifying HR and FEP and associated with lower total costs per practice, primarily as a result of fewer false negatives (HR and FEP that are not identified but are assumed to be associated with treatment costs at a later point). Thus the high intensity intervention dominates both the alternative interventions in terms of cost-effectiveness.
One-way sensitivity analysis did not change these findings. Varying the cost of identified HR patients to remove the bias against PAU reduced the total cost of the PAU group per practice (from £30,007 to £29,367), but the reduction was not enough to change the ranking between the groups (low intensity £27,931 per practice; high intensity £26,603 per practice), thus the high intensity intervention remained dominant. Similarly, when the percentage of unidentified FEP with long DUP was reduced from 100% to 80%, the cost advantage for the high intensity group remained, although by a reduced amount (£165 cheaper than the low intensity group per practice; £1,913 cheaper than PAU).
The results of the probabilistic sensitivity analysis are illustrated in Figures 3-6. Figures 3, 4 and 5 show the cost-effectiveness planes for low intensity versus PAU, high intensity versus PAU, and high intensity versus low intensity, respectively. In all three figures, the scatters of cost and effectiveness pairs fall mainly to the right of the y-axis, reflecting the greater level of effectiveness seen for both low and high intensity compared to PAU and for high intensity compared to low intensity. Points are more evenly spread above and below the x-axis, reflecting similar levels of total cost across the three groups. In all three comparisons, the majority of the scatter points fall into the Southeast quadrant (representing the situation where the intervention under consideration is more effective and less effective, and thus dominates, the comparison intervention) and the Northeast quadrant (representing the situation where the intervention under consideration is more effective but also more costly than the comparison intervention). For each comparison, the proportion of replications falling into each quadrant is reported in Table 4 .
The cost-effectiveness acceptability curve, presented in Figure 6 , continues to support the dominance of the high intensity intervention compared to either the low intensity intervention or PAU, with the curves suggesting that the high intensity intervention has a greater probability of being the more cost-effective option, irrespective of the willingness to pay for improved effects. For example, at zero willingness to pay for additional true positives identified per practice, there is a 46% probability that the high intensity intervention is the more cost-effective option, compared to 41% for PAU and 13% for the low intensity intervention. This rises to 68% at a willingness to pay of £10,000 (compared to 18% for PAU and 14% for low intensity) and to 77% at a willingness to pay of £20,000 (compared to 10%
for PAU and 13% for low intensity).
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In terms of the low intensity intervention, despite being found to be more effective and cheaper than PAU, on average, Figure 6 shows that the low intensity intervention has a lower probability of being cost-effective than PAU up to values of willingness to pay of around £15,000 per additional true positive identified per practice. This is due to large and overlapping confidence intervals and the dominance of the high intensity intervention, such that when monetary net benefits for low intensity are higher than for PAU, monetary net benefits for high intensity are commonly higher still. Comparing low intensity to PAU alone, illustrated in Figure 7 , shows that the low intensity intervention dominates PAU irrespective of willingness to pay, when the influence of the high intensity intervention is removed. 1 Intervention under evaluation is associated with lower costs and greater effects -intervention under evaluation dominates the comparison group 2 Intervention under evaluation is associated with higher costs and greater effects -trade-off between the intervention under evaluation and the comparison group 3 Intervention under evaluation is associated with lower costs and lower effects -trade-off between the intervention under evaluation and the comparison group 4 Intervention under evaluation is associated with higher costs and lower effects -intervention under evaluation is dominated by the comparison group
